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Objective: Develop a Probabilistic Model for the 
Solar Energetic Particle Environment

• Develop a tool to provide a reference solar 
particle radiation environment that:
– Will not be exceeded at a user-specified confidence 

level
– Will provide reference environments for:

• Peak flux
• Event-integrated fluence
• Mission-integrated fluence

– The reference environments will consist of:
– Elemental energy spectra

• For protons, helium and heavier ions
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Plan for the SEP Model 
• Step 1: Develop a data base of SPE 

measurements that:
– Follows consistent selection rules
– Consists of statistically independent episodes of solar 

activity
• Step 2: Fit the elemental spectra for each episode 

with spectral forms such as the Ellison-Ramaty*

Model
– This makes it possible to determine the flux (or 

fluence) above a common set of energy thresholds.
*Ellison and Ramaty, Ap.J., 298, 400 (1985)
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Plan- Continued
• Step 3: Construct Cumulative flux (or fluence) 

distributions for a standard set of energy bins
– fit these with the Generalized Extreme Value (GEV)1

distribution to obtain initial distributions for each energy
• Step 4: Determine the frequency of SPE episodes over 

the solar cycle and use this frequency to:
– Levy distribution2.

• Step 5: Convolve the initial distributions with a Levy  
distribution to obtain extreme value distributions for 
each energy bin of elemental spectrum

1 “An Introduction to Statistical Modeling of Extremes” by Stuart Cole  (Springer, 2001)
2 “Time distributions of solar energetic particle events: Are SEPEs really random?” by 

Jiggens and Gabriel (JGR, 114, A10105, 2009)
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Plan - Continued

• Step 6: Construct reference energy spectra for 
each element
– This requires user input on:

• Mission start date and duration
• Choice of peak flux, event-integrated fluence or 

mission-integrated fluence reference spectra
• Choice of Confidence level

• Step 7: Fit the reference spectra with the best-
fit spectral form so that the final result is an 
energy spectrum for each element.
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Other Considerations
• In defining the initial distributions, we must also take 

into account the uncertainty in the parameters of the 
initial distributions determined by the fits to the 
cumulative flux (or fluence) distributions. 
– Xapsos* has suggested a bootstrap procedure for this

• We must consider that the episode frequency is 
variable over the solar cycle so that the theory of 
‘Extremes of Non-Stationary Sequences’ must be used.

• Finally, we must investigate the solar cycle dependence 
of the SPE spectra to be sure that the initial 
distribution is valid in all solar cycle phases.

*Xapsos et al., IEEE Trans. on Nucl. Sci., 46, 1481 (1999)
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NOAA Selection Criterion

• NOAA defines the start of a proton event to be 
the first of 3 consecutive data points with 
fluxes greater than or equal to 10 pfu. The end 
of an event is the last time the flux was 
greater than or equal to 10 pfu. 

• 1 pfu = 1 proton/cm2.sec.ster
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Examples of > 10 MeV Proton Flux Plots
(dark green curves)
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